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Abstract—To satisfy the requirement of the fifth generation
(5G) mobile communications that offers an ultra high data rate
of 100Mbps to 1Gbps anytime and anywhere, the coordinated
multipoint (CoMP) technique is proposed to mitigate inter-
cell interference to improve the coverage of high data rate
services, cell-edge throughput, and system capacity. However,
the joint transmission (JT) CoMP technique is difficult to be
applied in practice due to the critical time synchronization
for multiple coordination links and the bottleneck of backhaul
capacity and radio resource at each small cell base stations
(SBSs). Moreover, since the coordination SBSs in the conditional
scheme are entirely separate from each other, different time
of arrivals at the user cause the severe time synchronization
problem. The anisotropic propagation environment in the urban
scenario makes the implementation condition even worse. To
tackle these issues, we propose a novel JT-CoMP scheme with the
anisotropic path loss model to minimize the network backhaul
traffic subject to the constraints on the radio resource and the
differences in time of arrivals. Simulation results demonstrate
that the proposed distance-resource-limited CoMP scheme can
obtain the maximum achievable rate with the minimum network
backhaul traffic, compared with existing schemes.
Index Terms—fractal, JT-CoMP, backhaul capacity, radio re-
source, achievable rate
I. INTRODUCTION
The fifth generation (5G) mobile communication is designed
to offer an experience data rate of 100Mbps to 1Gbps anytime
and anywhere. The main problems are the severe channel
conditions for the cell-edge users and the extremely high
data rate requirements of the users in the central cell. The
coordinated multipoint (CoMP) technique is believed to be
an effective approach to mitigate inter-cell interference so as
to improve the coverage of high data rate services, cell-edge
throughput, and system capacity [1], [2]. There are mainly
three types of CoMP techniques: coordinated beamforming
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(CB), coordinated scheduling (CS), and joint transmission
(JT). Among these CoMP techniques, the JT-CoMP technique
offers the highest performance gains by fully sharing both
data and control information among the coordinated base
stations (BSs) [3]. However, implementing JT-CoMP faces
several critical challenges in practical 5G small cell networks.
Firstly, JT-CoMP requires that the coordinated small cell
base stations (SBSs) transmit data on the same time and
frequency resources. There exist unavoidable differences in
time of arrival (ToA) due to the different distances between
the different transmitters and the receiver [4], [5]. Secondly,
limited backhaul link creates a major bottleneck for high data
information sharing among SBSs [6]–[8]. Finally, for any
SBS, the primary constraint is the limited radio resource. To
fully explore the benefits of JT-CoMP, the above technical
challenges must be carefully and effectively addressed.
There have been extensive studies on JT-CoMP in conven-
tional cellular networks. A cooperation policy was introduced
in [9], where the cooperation among BSs happens only when
the user lies inside a planar zone at the cell borders. The deci-
sion for a user to choose service with or without cooperation
was directed by a family of geometric policies, depending on
its relative position to its two closest BSs. In [10], the three
schemes to select coordinated SBSs in ultra-dense networks
were compared. The scheme 1 selects SBSs with the highest
value of the received power. In scheme 2, a user is associated
with SBSs whose received power is above a given threshold.
In scheme 3, a user is served by SBSs whose received powers
are higher than a certain value, which is equal to the difference
between the maximum received signal power and a threshold.
The results indicated that these three JT-CoMP schemes had
pros and cons in different aspects. An analytical model was
proposed to perform adaptive modulation for a typical JT-
CoMP system consisting of three transmission points [3]. The
closed-form expressions for the average spectral efficiency
were obtained when adopting continuous-rate adaptive mod-
ulation. Authors in [11] proposed a location-aware cross-tier
BS cooperation scheme where the cooperation occurs among
the macro cell and small cells and evaluated the performance
regarding the outage probability and the average achievable
rate.
Some optimizations in the JT-CoMP scenarios were carried
out in the literature [12]–[15]. To cope with the problem that
the load-balancing capability becomes much lower than that
expected in a clustered heterogeneous network (HetNet), a
feasible suboptimal iterative algorithm was provided in [12]
for determining the joint user association solution of the self-
organizing network. In [13], the authors optimized the coordi-
nated cluster size and characterized the average downlink user
data rate under a common non-coherent JT scheme, which was
used to illustrate the trade-off between handoff rate and data
rate. In air-to-ground cooperative communication networks, an
optimum altitude of the unmanned aerial vehicles for maxi-
mum coverage region was derived by guaranteeing a minimum
outage performance over the region [14]. The energy-spectral
efficiency benefiting from the joint optimization of CoMP
transmission and BS deployment was evaluated in the context
of the dense large-scale cellular network [15].
However, the above studies all considered the isotropic
propagation environments, where the path loss exponent is
a constant on the whole plane. The actual propagation en-
vironment is very complicated, and a large number of line-of-
sight (LoS) and non-line-of-sight (NLoS) transmissions exist.
Our work in [16] indicated that the measured wireless cellular
coverage boundary is extremely irregular with respect to
directions, and the statistical fractal characteristic of coverage
boundary exist widely, which confirmed that the actual propa-
gation environment is anisotropic. Such a fractal characteristic
is illustrated by the spectral density power-law behavior and
the slowly decaying variances in the angle domain [17]. More-
over, in anisotropic propagation environments, the cooperation
scheme with the received signal strength threshold can achieve
higher user throughput rate than the cooperation scheme with
the distance threshold when the number of coordinated SBSs is
fixed to be equal in the two schemes [18]. And the coordinated
SBSs are distributed in different locations, which introduces
different ToAs. In this case, the critical time synchronization
is hard to satisfy in the anisotropic propagation environment.
Therefore, how to select a coordinated set of SBSs in a
complex propagation environment to meet the requirement of
the time difference of arrivals, backhaul traffic limit, and radio
resource limit, is a big challenge for JT-CoMP implementation
in 5G fractal small cell networks. In this paper, we propose a
novel scheme to minimize the network backhaul traffic with
the limited radio resource constraint at SBS and subject to dif-
ferent distances between the coordinated SBSs and the served
user, considering the anisotropic propagation environment. The
main contributions of this work are summarized as follows.
• The three critical issues faced by the JT-CoMP technique
are tackled under the anisotropic propagation environ-
ment in this paper, where the issues are the requirement
of transmission delay difference, backhaul traffic limit,
and radio resource limit.
• A general JT-CoMP framework for minimizing the net-
work backhaul traffic of 5G fractal small cell networks is
formulated under the limited radio resource at SBS and
different distances between the coordinated SBSs and the
served user.
• The distance-resource-limited CoMP scheme is proposed
with the minimum network backhaul traffic compared
with the baseline schemes in the simulation results.
The remainder of this paper is structured as follows. Section
II describes the system model. The optimization for network
backhaul traffic is investigated in Section III. The simulation
results are discussed in Section IV. Finally, the conclusions
are drawn in Section V.
II. SYSTEM MODEL
A. Network Model
We consider the downlink scenario of a two-tier HetNet in a
control-data separation architecture (CDSA) [19], [20], where
small cells and users are covered by a macro base station
(MBS), as illustrated in Fig. 1. The MBS is used to handle
the control signaling and SBSs provide users with the required
data services. Each MBS is equipped with a CoMP control
unit (CCU) to provide smart clustering decisions centrally on
the collaborative behavior of SBSs. The SBSs are connected
to the CCU through wireless backhaul links and report their
channel state information (CSI) to the CCU. The coordinated
clustering among all SBSs is decided by the CCU based on
the reported CSI.
Macro Base Station
CCU
Small Cell Base Station
User Data
Backhaul Link
Control Link
Mobile User
Fig. 1. The CoMP transmission scenario based on CDSA.
Assume that the typical CDSA scenario consists of one
MBS, M SBSs and K users. All SBSs and users are located
randomly in the coverage area of the MBS. The locations of
SBSs and users can be modeled as two independent Poisson
point processes [21], denoted as ΦB and ΦU . The correspond-
ing intensities of ΦB and ΦU are λB and λU , respectively. In
this paper, each user is assigned a cluster of SBSs by the CCU.
The cluster of SBSs consists of the coordinated SBSs for the
user. User data is available at all SBSs in the cooperation set
through the backhaul links. The coordinated SBSs transmit
the user data to the user at a time. The cooperation set of
the k-th user is denoted as Ψk ⊆ ΦB . We let the matrix
C ∈ RK×M denote the cooperative SBS clusters for all users,
where the element ckm (k = 1, 2, · · · ,K; m = 1, 2, · · · ,M)
is an indicator function, having the value 1 when SBSm
belongs to Ψk and the value 0 when SBSm does not belong
to Ψk, i.e.,
ckm =
{
1 SBSm ∈ Ψk
0 SBSm /∈ Ψk
. (1)
Furthermore, the number of the coordinated SBSs for the k-
th user is denoted by NBk =
∑M
m=1 ckm, and the number
of the users simultaneously served by SBSm is denoted by
NUm =
∑K
k=1 ckm.
B. Anisotropic Path Loss Model
The path loss in real environments is affected by elec-
tromagnetic radiation, the atmospheric environment, weather
status, obstacle distribution, and diffraction and scattering
effects. Researchers have examined the path loss exponent in
some typical environments, e.g., an urban scenario with LoS
transmissions, an urban scenario with NLoS transmissions,
and the near-ground propagation in the forest. The empirical
path loss exponents for these three scenarios were reported as
2.1 [22], 3.19 [22], and 4 [23], respectively. Considering that
obstacles consisting of buildings, plants, cars, human bodies
and so on are irregularly distributed in the real scenario, the
links from a user to SBSs pass through different propagation
environments. In this case, the path loss exponent of these
links are different depending on the propagation environment.
The path loss exponents of the different transmission links
are assumed to be independently identically distributed (i.i.d.)
random variables.
In the anisotropic scenario, the distances between the SBS
and its coverage boundary was experimentally verified to
have the fractal characteristic [16], and was modeled as a
random variable with alpha-stable distribution [17]. In [24],
the path loss exponent of the link between a user and an
SBS was derived to be the function of the distance between
the SBS and its coverage boundary, which is expressed as
β = −lg
(
Pmin
PT
)
/lg (Rmax), where Pmin is the minimum
detectable signal power, PT is the transmit signal power of an
SBS, Rmax is the distance between the SBS and its coverage
boundary. Assume that the minimum detectable signal powers
of all users are assumed to be equal and all SBSs transmit
signals with the same power. In this case, lg
(
Pmin
PT
)
is a
constant denoted by ζ. The probability density function (PDF)
of Rmax is expressed in [24] as
f (Rmax) =
{
ε
ρ
−ε
min
−ρ
−ε
max
R
−(ε+1)
max , ρmin ≤ Rmax ≤ ρmax
0, otherwise
,
(2)
where ε ∈ (1, 2] is the fractal parameter. Based on (2), the
PDF of the path loss exponent can be derived as
f (β) =
{
−ε ln 10
ρ
−ε
min
−ρ
−ε
max
10
ζ
β
ε ζ
β2
, −ζlg(ρmax) ≤ β ≤
−ζ
lg(ρmin)
0, otherwise
.
(3)
Furthermore, the received signal power at the k-th user from
SBSm is expressed as
Pkm = PThkmr
−βkm
km , (4)
where hkm denotes the power gain from Rayleigh fading
between SBSm and the k-th user, rkm denotes the distance
between SBSm and the k-th user, βkm is the path loss
exponent. Considering that the JT-CoMP technique is adopted,
the received signal power of the k-th user is given as
Pk =
∑
SBSm∈Ψk
Pkm
︸ ︷︷ ︸
+
∑
SBSn∈ΦB−Ψk
Pkn
︸ ︷︷ ︸
+σ2n, (5)
Desired signal Interference
where ΦB − Ψk represents the cochannel interfering SBSs
outside the cooperation set Ψk, σ
2
n is the noise power at the
user. The received SINR at the k-th user is expressed as
SINRk =
∑
SBSm∈Ψk
Pkm∑
SBSn∈ΦB−Ψk
Pkn + σ2n
=
∑
SBSm∈ΦB
ckmPkm∑
SBSn∈ΦB
Pkn −
∑
SBSm∈ΦB
ckmPkm + σ2n
.
(6)
All SBSs are assumed to share the same physical resource
blocks (PRB). Each PRB can be assigned to only one user for
simplicity. The achievable rate at the k-th user over a PRB
with the bandwidth B is
Rk = B log2 (1 + SINRk) . (7)
III. OPTIMIZATION FOR NETWORK BACKHAUL TRAFFIC
A. Network Backhaul Traffic
In order to improve user data rate and spectrum efficiency,
more SBSs are assigned to serve the user cooperatively.
However, when more SBSs share CSI and user data, more
traffic will be generated in the backhaul links, which generates
the requirements on high capacity of the backhaul links. The
required backhaul capacity for an SBS is determined by two
factors: the number of users associated with an SBS, and the
amount of data need to be transmitted through the backhaul
network for a user. The data shared among coordinated SBSs
can be divided into two parts, i.e., CSI and user data. The
amount of CSI is negligible compared to the amount of user
data [10]. The backhaul traffic of SBSm is expressed as
Rbm =
K∑
k=1
ckmγkRk, (8)
where γk is the required number of PRBs of the k-th user. In
this paper, the small cell network is configured to satisfy the
quality of service (QoS) of users when the achievable rates
of all users are larger than the minimum traffic requirements.
The minimum traffic requirement of a user is denoted as Rmin.
The number of PRBs assigned to the k-th user should be
γk =
⌈
Rmin
Rk
⌉
, (9)
where ⌈·⌉ is the ceiling operation. The coordinated SBSs
transmit data to a user on the same time and frequency
resources. In this case, the same γk PRBs of each SBS in the
cooperation set Ψk are assigned to the k-th user. The network
backhaul traffic is given as the average backhaul traffic of each
SBS in the small cell network, denoted as Rb = EΦB
[
Rbm
]
.
B. Selection for Cooperation Set
Since the available radio resource at an SBS is limited that
cannot supply every user with the enough resource. When an
SBS works at its full capacity, other user can’t associate itself
with the SBS, which results in that the user can’t achieve the
desired rate [25]. It is of a major significance to propose a
novel JT-CoMP scheme with the limited radio resource at the
SBS [26], [27]. As such, a constraint on the number of PRBs
is considered, where the required number of PRBs at SBSm
is given as NΩm =
∑K
k=1 ckmγk, with ckm ∈ {0, 1}. Assumed
that the total number of PRBs provided by each SBS is Ω.
We have a constraint that NΩm ≤ Ω. What’s more, a user
is assigned at least one PRB, i.e., γk ≥ 1, and N
B
k ≥ 1,
∀k ∈ {1, 2, . . . ,K}.
Due to the inter-symbol interference caused by the existence
of multipath delays, the system cyclic prefix (CP) is proposed
to control the negative impact of multipath delay. When the
multipath delay is smaller than the CP, the receiver can catch
the full energy of the orthogonal frequency division multi-
plexing symbol. When the multipath delay is larger than CP,
the energy of some symbols cannot be caught by the receiver,
and even the energy of the previous symbol is received by
the receiver as the next symbol which results in the inter-
symbol interference. In JT-CoMP, multiple SBSs provide a
user with shared data at the same time. For users, this is
equivalent to a multiple-transmitting-single-receiving system.
Considering that the geographic locations of the coordinated
SBSs are separated from each other, the distances between
coordinated SBSs and the user are different. Therefore, the
delay between each coordinated SBS and the user must meet
the requirement of the system CP, i.e., the difference in ToAs
should be less than the system’s CP. If the difference in ToAs
is greater than the system CP, JT-CoMP will fail. The Long
Term Evolution (LTE) system has determined that the CP
length of a regular cell is 4.6875µs, but in 5G communication
systems, this requirement will be more critical, up to about
500ns [5]. In this paper, the difference in ToAs among
the coordinated SBSs is equivalent to the difference in the
distances between coordinated SBSs and the user, expressed
as |rkm − rkn| ≤ ctcp, ∀SBSm, SBSn ∈ Ψk, where c is the
light speed equal to 3×108m/s and tcp is the CP length equal
to 500ns.
The problem of interest is to minimize the network backhaul
traffic of a fractal small cell network with the JT-CoMP
technique, which is essentially a weighted sum-rate of users
presented in the network. Mathematically, the network back-
haul traffic minimization problem can be expressed as
min
C
Rb, (10)
s.t. γkRk ≥ R
min, ∀k ∈ {1, 2, . . . ,K} , (11)
1 ≤
K∑
k=1
ckmγk ≤ Ω, ∀SBSm ∈ ΦB, (12)
γk ≥ 1, ∀k ∈ {1, 2, . . . ,K} , (13)
M∑
m=1
ckm ≥ 1, ∀k ∈ {1, 2, . . . ,K} , (14)
|rkm − rkn| ≤ ctcp, ∀SBSm, SBSn ∈ Ψk. (15)
C. Distance-Resource-Limited CoMP Scheme
As shown in (8), in order to effectively reduce the network
backhaul traffic that is a weighted sum of the numbers of co-
ordinated SBSs and corresponding achievable rates, generally
the SBS with the strongest received signal power should be
assigned to the user. What’s more, the achievable rate at the
user is given as (7) with (6). It can be found that the backhaul
traffic is not a linear function with respect to the coordination
matrix C. The theoretical optimization result is hard obtained.
In this section, we propose a scheme considering the limits
of the distance and resource of the SBSs, named distance-
resource-limited CoMP scheme, to find a cooperation set for
each user such that the network backhaul traffic is minimized.
The proposed scheme is designed as the two steps. 1) The
prior user should be selected for servicing by multiple SBSs.
Because the radio resource blocks are limited, the more SBSs
should serve the users whose channel conditions are bad such
that the users with better channel conditions are served by
only one SBS to save the PRBs of the whole network. A
coordination priority of users is configured as
Λk =
Rmin
log2
(
1 + SINR0k
) , (16)
where SINR0k is the SINR of the k-th user without cooperation
considering that the user associates itself with the SBS SBS0
providing the strongest signal power, expressed as
SINR0k =
PThk0r
−βk0
k0∑M
m=1 PThkmr
−βkm
km − PThk0r
−βk0
k0 + σ
2
n
. (17)
The larger value of Λk denotes the higher priority, i.e., the
user with larger value of Λk should be considered first. 2)
Multiple SBSs should be selected to form a cooperation set
and serve a user. The SBSs with the stronger received signal
powers should be assigned to serve the user. And the distances
between any two coordinated SBSs are limited. The remained
PRBs at all SBSs should be considered.
The pseudo code of the proposed distance-resource-limited
CoMP scheme is described in Algorithm 1. Firstly, the pri-
orities Λk (k = 1, 2, . . . ,K) for all users are calculated (Line
1–4). The user index k is sorted in descending order of the
priority Λk (Line 5). In other words, if the user with a larger
value of Λk, we will firstly find a JT cooperation set for serving
the user. Then, the cooperation sets for all users are found.
For the k-th user, the SBS with the strongest received signal
power is selected for cooperation (Line 6–11), and the required
PRBs is calculated. If the distances between the particular
SBS and the SBSs in the cooperation set are smaller than
ctcp (Line 12–14), and the required PRBs are smaller than
the remained PRBs of the particular SBS (Line 16–25), this
SBS is added into the cooperation set. In line 12, the distance
constraint between any two coordinated SBSs is set as ctcp/2
to ensure that the maximum distance among the coordinated
SBSs is smaller than ctcp. When the while loop is finished,
the minimum network backhaul traffic of the fractal small cell
network is satisfied.
Algorithm 1 Distance-resource-limited CoMP scheme.
Input: ΦB , ΦU , H = [hkm]K×M ,A = [βkm]K×M , Ω
Output: C = [ckm]K×M
1: for k = 1 : K do
2:Calculate (17);
3: Λk =
Rmin
log
2(1+SINR0k)
;
4: end
5: Sort user index k in descending order of priority Λk;
6: Ψk ← ∅,C← [0]K×M ;
7: P = [Pkm]K×M , Pkm ← PThkmr
−βkm
km ;
8: for k = 1 : K do
9: T ← 1;
10: while
∑M
m=1 ckm < T do
11: find the index m with the T -th largest Pkm
12: if |rkm − rk0| > ctcp/2 then
13: T ← T + 1;
14: Go to Line 10;
15: else
16: calculate the achievable rate Rk with Ψk;
17: calculate the required PRB γk;
18: if γk is smaller than the remained PRB of SBSm then
19: Ψk ← Ψk ∪ SBSm;
20: ckm ← 1;
21:if γkRk > R
min then
22:end while
23: else
24: T ← T + 1;
25: Go to Line 10;
26: end for
27: return C
The time complexity of Algorithm 1 is O
(
KM2
)
. For each
user, Algorithm 1 executes the coordinated SBS selection for
a user in an iteration (Line 12-25). In the selection, we take
O (M) time to find the coordinated SBSs. Since the while loop
will be executed at mostM times, the function can be done in
M2 times (Lines 11). Therefore, Algorithm 1 takes O
(
M2
)
to find a joint transmission cluster for a user. Since there
are at most K users, the time complexity of Algorithm 1 is
O
(
KM2
)
. The time complexity of the best power cooperation
scheme and that of the best distance cooperation scheme are
O (KM).
IV. SIMULATION RESULTS
In this section, the proposed scheme is analyzed and com-
pared by simulation results. To better justify our motiva-
tion and observations, the proposed distance-resource-limited
CoMP scheme, denoted by “DRC” in figures, is compared with
the best power cooperation scheme (denoted by BPC scheme)
where the user is associated with SBSs whose received signal
power is larger than the threshold T , and the best distance
cooperation scheme (denoted by BDC scheme) where the user
is associated with the K nearest SBSs. The default parameters
are configured as the Table I [18], [19].
TABLE I
PARAMETER SETTINGS
Parameter Value
The density of SBSs λB 10
−4/m2
The density of users λU 10
−3/m2
The transmit power PT 1W
The number of PRBs at an SBS Ω 25
The noise power σ2n -95dBm
The minimum traffic Rmin 4bits/s/Hz
The CP length tcp 500ns
The power threshold T -70dBm
The number of coordinated SBSs K 3
Fig. 2 shows the achievable rate and network backhaul
traffic with respect to the SBS density based on the distance-
resource-limited CoMP scheme. And the results are compared
with that of the BPC and BDC schemes. In Fig. 2(a), the
achievable rate increases with the increase of the SBS density.
It is found that the achievable rate of the BDC scheme is
extremely lower than that of the proposed scheme. Because
some of SBSs nearest the user may be NLoS SBSs and can not
provide the strongest received signal power in the anisotropic
propagation environment. In extreme cases, the desired signal
power is smaller than the interfering signal power for the BDC
scheme. In this case, the proposed scheme and BPC scheme
can ensure that the coordination SBSs provide the strongest
signal power. What’s more, the achievable rate of the BPC
scheme is better than the proposed scheme. In Fig. 2(b), the
network backhaul traffic decreases with the increase of the
SBS density. The network backhaul traffic of the BPC scheme
is much larger than that of the proposed scheme. The results
in Fig. 2 imply that the high achievable rate can be obtained
based on the distance-resource-limited CoMP scheme while
causing low network backhaul traffic.
Fig. 3 shows the achievable rate and network backhaul
traffic with respect to the user density based on the distance-
resource-limited CoMP scheme, compared with the BPC and
DC schemes. In Fig. 3(a), the achievable rate decreases with
the increase of the user density. It is because that the number
of PRBs assigned to each user is not enough to obtain the
required data rate with the number of user covered by an MBS
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Fig. 2. The achievable rate and network backhaul traffic with respect to the
SBS density based on the distance-resource-limited CoMP scheme, compared
with the BPC and BDC schemes.
increasing. In Fig. 3(b), the network backhaul traffic increases
with the increase of the user density. When the user density
is equal to the SBS density, i.e. λU = λB = 10
−4/m2, the
network backhaul traffics of the three schemes are same while
the achievable rates of the distance-resource-limited CoMP
scheme and the BPC scheme are higher than that of the BDC
scheme.
Fig. 4 shows the network backhaul traffic with respect to the
achievable rate based on the distance-resource-limited CoMP
scheme, compared with the BPC and BDC schemes. The
network backhaul traffic increases with the increase of the
achievable rate. When the achievable rate is fixed, the network
backhaul traffic of the proposed scheme is smaller than that
of the other two schemes. When the network backhaul traffic
is fixed, the achievable rate of the proposed scheme is higher
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Fig. 3. The achievable rate and network backhaul traffic with respect to the
user density based on the distance-resource-limited CoMP scheme, compared
with the BPC and BDC schemes.
than that of the other two schemes. The result implies that the
proposed scheme costs the minimum network backhaul traffic
to obtain the same achievable rate compared with the BPC
and BDC schemes, which meets the original intention of this
paper.
V. CONCLUSIONS
To satisfy the requirement of the 5G mobile communication
that offers a data rate of 100Mbps to 1Gbps anytime and
anywhere, the CoMP technology is proposed to mitigate inter-
cell interference which results in improving the coverage
of high data rate services, cell-edge throughput, and system
capacity. In this paper, the JT-CoMP technique is targeted
considering the difference in time of arrivals for multiple
coordination links and the limited radio resource at each SBSs.
Firstly, a general JT-CoMP framework for minimizing the
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Fig. 4. The network backhaul traffic with respect to the achievable rate based
on the distance-resource-limited CoMP scheme, compared with the BPC and
BDC schemes.
network backhaul traffic of 5G fractal small cell networks is
formulated subjected to a limited radio resource at SBS and
the difference in distances between the coordinated SBSs and
the served user. Then, we propose a distance-resource-limited
CoMP scheme considering the anisotropic path loss model to
minimize the network backhaul traffic. Simulation results show
that the proposed distance-resource-limited CoMP scheme
obtains the high achievable rate with the minimum network
backhaul traffic, compared with the two existing schemes.
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